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MasterClass
Renato Ambrosio Jr.

W Multimodal Refractive Imaging

MY/LEARNING

As for me, all | know is | know
nothing.

~Socrates

8
Scheimpfing Imaging for Refractive Surgery
Scheimpflug Imaging: Multimodal Imaging for Enhanced Ectasia
Basic Concepts Refractive Surgery Belin/ Ambrésio
Z
Clinical Decision
I ol A
R
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A little of History. ..

& Geometric principle was first described
by Jules Carpentier (1901)

No 1189
Jules

Carpentier
(1851 —1921) &

Scheimpflug Imaging
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Ginnerte ;..t..,.f *

Slit Lamp Scheimpflug

N

19/07/2021

Unrten States Patent Orrice.
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Evolution in Corneal Imaging

CORNEAL TOPOGRAPHY
(Corneal Surface Shape; Regularity)

}

CORNEAL TOMOGRAPHY
(3D Corneal Architecture;
front/back surfaces; elevation)
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Corneal ToPography

& from Greek 7d7og (topos), meaning "place", and
yodpo graphia, meaning "writing"

& Study of the front corneal surface

& Placido’s Reflection
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Corneal ToMography

& from Greek 7duog (tomos), meaning “section, slice”,
and podpw (graphia) “writing”

@ 3D Study of the corneal architecture
(front & back surfaces)
& Scheimpflug

15



3 Scheimpflug ToMography

(Claw >
l F'
Pentacam Oculx jzer Precisio TMS 5
M %' o :

Sirius Galilei

Gtz st
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Corneal ToMography

& from Greek zduog (tomos), meaning “section, slice”,
and podpw (graphia) “writing”
@ 3D Study of the corneal architecture
(front & back surfaces)
& Scheimpflug
«OCT
@ VHF-US

17
Segmental or Layered
ToMography
18 |
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Corneal Epithelial Tomography

, and Tolal

Thick in K
Display With Artemis Very-high Frequency
Digital Ultrasound

19

Corneal Epitheljal Map with FD-OCT

) B

. Epithelium —
* Bowman's layer™

Stroma —

— Descemet's
membrane

20

REVIEW  Curr Opin Ophthalmol. 2017 Jul

(= Role of the corneal epithelium measurements in
keratorefractive surgery

21
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http://www.coollab.net/

Enbanced Diagnostics for Ectasia:
The What's & The Why’s

for Ectasia
What Are We Serssning For and
Haw Shouk Wa Scroan For It?

Jr—— A
Enhanced Scraaning for Ectasia Risk prioe
1o Laser Vision Carrection

22

Internatonal Enghsh Edition

Highlights of

Ophthalmology

Managing corneal ectasia | 4 Screening for
prior to keratoplasty ectasia Susceptibility

" EXPERT - . .
m & Dmgnosmg Ectasia

@ Staging the disease
@ Clinical Management

@ Follow-up

Multimodal Imaging in Refractive Surgery
eperctie, uD

Fuamando Furts.Correia, MD, PAD, FESOS.CR
(Perugsl)

Remato Ambrisio.Jr,MB, PhO.
[Beasd)

23

Inpiax Joumxat or Ovmismotocy Volumme 68 fasus 12

Guest Editorial

Multimodal imaging for refractive
surgery: Quo vadis?

Prof. Renato Ambrésio Jr, MD, PhD

R i
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The Pentacam® Family

& 8 B .

e
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Diagnostics with the Pentacam

P A /.

25

Pentacam CSP Report
Scheimpflug Imaging for Scleral Lens

26

Pentacam CSP Report
Scheimpflug Imaging for Scleral Lens

27
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Elevation map is a Subtracton
from the Best Fit Reference (Float, Geometry)

& Anterior e Posterior
& Reference
& BES, BFTE
& Float
£ Zone for Calculation
& Pattern
& Central Elevation
# Elevation @ Thinnest Point

. . o Courtesyof
& Elevation @ Highest value within 4mm B TR

Gtz st

Registration of Elevation

Astigmatism

Brnende skt o

19/07/2021
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Astigmatism vs. Ectasia

31

Corneal Zone Diameter
For Calculating the Reference

Recommend BFS 8mm Float

e st iria

32

Best-Fit-Sphere (BES) x
Best-Fit Toric-Ellipsoid (BFTE)

The impact of reference body selection for
calculating Posterior Corneal Elevation for
Diagnosing Keratoconus: BFS x BFTE

jeorniV

¥ CONGRESS

sitivity and specificity foc
on maps calculated from
Spliere (BFS) and Best Fit Tosic Elipsoid

Purpose: To com
diagn
,'

e st iria

33

19/07/2021
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Best-Fit-Sphere (BES) x
Best-Fit Toric-Ellipsoid (BFTE)

BFS — Best Fit Sphere for Front and Back Elevation  BFTE = Best Fif Toric Ellipsoid

Gtz st

34

Corneal Elevation Back : Thinnest

498 normal corneas from 49 patients and 56 keratoconic corneas from 28 patients
“4Pentacam HR rotating Scheimpflug camera (Oculus, Wetzlar, Germany).

100 7
o
3 I BF5_bTC
£ eof 1
§ “i BFS_bTT
ol BFTE_bTC
5w
20h
ol
o 2 4 80 8 10
Pvalue 100-pacifcay
BSeTC 1 oA 0% o5 mbIC 100 963 o1 039 00007
arsoT 1 oy o wsem w0 w0 o 1 o
srrenTC 1 oom smesic s 0 o 0% ogoies
srtenTT 1 wmesT o0 s 1 oss ogsin
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“Big Study” Data: No difference for All
(N x [KC+VA-E+VAE-NT])

. s & & ¥

Sarsivity

= o
e =
T w - %
To0spactty N %
R i - LI

36
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Better AUC for Clin. Ectasia
(N x [KC+VA-E))

Te—

37

Reference Based Subtraction Maps:
Best Fit Toric Elipsoid

& Same Accuracy

& BFS facilitates visualization;
BFTE enhance HOA

& Cut off for Keratoconus are
different

& Posterior elevation at the
thinnest:

&BFS: 19 um
&BFTE: 12 um

38

Anterior & Posteriof
Corneal Surface
Measurement

an

M. Belin, MD

39
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Enhanced BFS Elevation Concept (Belin)

40

Enbanced BES (Belin)

&/ Anterior - gfrccn is <6,
vellon is between 6 - 12,
red is > 12

&| Posterior: green is < 8,
vellion is between 8 - 20,
red is > 20 ’

P =

41

CORNEAL TOMOGRAPHY
3D Architecture

s

19/07/2021

Front and Back Elevation = Pachymetry
P =

42
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Corneal Thickness Spatial Profile

E

Gtz st
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Keratoconus: Spatial Variation of
Corneal Thickness as a Diagnostic Test

PRabert B. Mandeil, PhIY, and Kenneth A. Pelse, OD, Berkeley, Calif

sl varision In thickness 10 1he hori-  cance of thas
2onal maridian of sigheon kersloconic cormeas  rolation (3 the
was measined with Uhe w6 of & pachometar and  moiré keratom
a new sulomatlc recording system. The signil.  photokeratosca

Arch Ophthal—Vol 82, Aug 1969

Robert Mandell, PhD ~ Kenneth A. Polse, OD

Gonnerf st abio fe
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the Thinnest
Point with increasing diameters

Corneal Thickness Profile: CTSP & PTI
\ ' average of the thi in the points within maginary ci

Corneal-thickness spatial profile

n: Tomsographic

45

19/07/2021
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Post-LASIK Ectasia: Twenty Years of a Conundrum

Renato Ambrosio .

46

Pathophysiology of Ectasia

Biomechanical Decompensation of the Cornea
& Corneal Resistance (innate biomechanical properties)
& Impact from the environment

& LVC procedures

 Eye Rubbing

Any cornea may develop ectasial

R i

a7

Violet June

THE KERATOCONUS

y Keratoconus &
/

19/07/2021
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Risk Assessment for Ectasia After
Corneal Refractive Surgery

Randleman JB, Woodward M, Lynn MJ, Stulting RD.
Ophthalmology 2008; 115: 37-50

Bradey ). Randleman, MD

® spcificity of 91% and a sensiivity of
96% in the original serics.

B specificity of 94% and a sensitivity of
92% in the validation study (AJO, 2008)

T | ey

[ HD | w140 |0 D | 8w | s

What is ‘forme fruste’

Keratoconus ¢

ot fobrtriat e

prar REVIEW

A Systematic Review of Subclinical
Keratoconus and Forme Fruste Keratoconus

M ); Marta | MI

RESULTS: A total of 198 and 95 studies, respectively, including

the definition of subclinical keratocanus and forme fruste ker-

atoconus were collected in an initial search, of which 165 and
CONCLUSIONS: This review demonstrates the lack of unified
criteria to define subclinical keratoconus and forme fruste
keratoconus, According to the literature review, the most
common subclinical keratoconus definition used refers to
an eye with topographic signs of keratoconus and/or suspi-
cious topographic findings under normal stit-lamp examina-
tion and keratoconus in the fellow eye and the most commeon
forme fruste keratoconus definition refers to an eye with nor-
mal topography, normal slit-lamp examination, and kerato-
conus in the fellow eye

Ginnerte ,z.z‘.,.,a,‘,

51

19/07/2021

17



What is Forme Fruste Keratoconus?

&Incomplete or abortive form of keratoconus
(Amsler)

&“Mild” keratoconus (Krachmer)

&Fellow eye with no clinical sings from patients
with very asymmetric (Punilateral?; Klyce, 2009)

&Fact: There is no consensus!

&Forme Fruste Keratoconus is defined as with
very high susceptibility for ectasia progression
(Ambrésio, 2009)

e ortreriat

52

e Subspecaly D

Ginnerte T&{WW *

53

Ectasia Case Presentation

19/07/2021

@ Custom SBK-LASIK in 2008
@ RSB=304um; PTA=0.36

& Good vision in early postop, but developed progressive
ectasia, confirmed at 14 months after LASIK

54

18
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Varlablllty of Subjective Classifications
of Corneal Topography Maps From LASIK
Candidates

Haac . Raros, D:Rosans Cone, MD: Frecarn P e, MO Wik Tt VO
St PHO: P 3

g oo M5: s e M 5. vchey e

——— ;‘W@‘@B‘BBW

o ' 2 B s

Asymmetric bowtie Infeior s(eupgmng/ Fom ﬁus\a

bowtie Skewed radl s kmlmanus
1-11 Developed

Gt st e

2010) / 12-25 Stable LASIK 2007-2010)

55

Case Presentation:
Enhanced Screening: Pre Op ToMography
(Belin/Ambzésio Display — BAD)

Max <394 - 412: Ectasia susceptibility

RT-M:
¢« BADD>1.33-1.62
e st iria

56

The Enbanced Ectasia Study

& Preop from stable LASIK cases (n=3,278) and from
post-LASIK ectasia cases (n=105)

w00
s -

15
speon

57
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Basic Concepts on Corneal Diagnostics

& Objective Parameters

& Front-surface (topometric);
‘Tomography; Biomechanics;
Ocular WF; AXL ...

& Populations
& Discase x No-disease

& Accuracy, ROC

& Combinations using Al
@ Training with cross-validation
¢ External Validations

Artificial Inteligence in Corneal Diagnosis: Where Are we?

& Clinical implementation
Gtz st

58

The Enbanced Ectasia Study

& Preop from stable LASIK cases (n=3,278) and from
post-LASIK ectasia cases (n=105)

- 00 e

Spac 0

59

Biomechanics of corneal ectasia
and biomechanical treatments

Cynthia |. Roberts, PhD, William | Jr. MD, FED

Biomechanical Cycle of
Decompensation in Ectasia

ncreased Curvaturs)
" Focet stomation) <

—
Redistribute) o
St )% Focally Reduced
— Modulus of Elasticity.

e

Ginnerte T&{WW *
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Corneal Characterization

ARCHITECTURE or GEOMETRICAL
CHARACTERIZATION (3D - TOMOGRAPHY)

BIOLOGICAL PROPERTIES
OF d

CORNEAL TISSUE
Corneal Wound Healing

Corneal Physical Properties
(Biomechanics)

Gtz st
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Dynamic Scheimpflug Imaging
& Oculus Corvis ST: Ultra High-Speed (UHS ST) Scheimpflug

Technology taking 4,330 frames/sec with horizontal 8mm
L sonickancs ]

Detection of Keratoconus With a New
~  Blomechanical Index

Corvis 8T
sp-a1

> ~ b

DA Ratio

Paolo & Riccardo Viniguerra

WSKYVIEW
ISRS Troutman Prize
201

R i

62

—
Evabuation of Comeat Shage med
Dlomechanics Beters LASIK

Rio de Janeiro
Corneal Tomography and
Biomechanics Study Group

63

19/07/2021
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ARV

Ambrisio, Roberts & Vinciguerra
Tomography and Biomechanics Report

Random Forest ? ]
“Leave one out"cross validation &/

64

Wil % (JRS, 2017) Integrated Scheimpflug
. TBI - Tomography and Biomechanics
1 i T * 511;3 Setting/Venues
o8 480 = Humanitas Clinical and Researdh Center
204 72 I
06 “1 i?‘- =

=
&)

04

-~

Instituto de Olbos Renato Ambrisio

Brasil

*94 VAE fellow eyes criteria
for normal topography

KC  VAE ectasia VAE fellow

ity/100% specificity for frank cctasia (0.79)
v/96% specificity for subelinical (0.29)

R i

65

Clinical Example
masc, 53yo with interest in Refractive Surgery, reports gradual visual loss OD
UDVA 20/60,]3 OD and 20/30, ]3 OS

MRx: -0.75 = -2.25 x 25° giving 20/20-1 OD // -0.50 = -0.75 x 120° giving 20/15 OS
Add. +2.75,]1

66

19/07/2021
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Quad. Refractive Map

Gt fostirie=

67

68

Integrated Tomography & Biomechanics

ST BlomechanicalTamographic Assessment (Ambrosio, Roberts 8 Vinogueta) .

69

19/07/2021
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Lens Dysfunction Grade 2-3

Gtz st

70

Lens Dysfunction Staging

& Stage I: early presbyopic (add up to +2.00D)
& Stage II: severe loss of accommodation
(add >2.25D)

& Stage I1I: “mild cataract™: loss of quality of vision
*need for objective documentation

@ Stage IV: loss of high contrast DCVA

& Stage V: moderate cataract with more significant
loss of DCVA

R i

71

Female. 72 yo DCVA 20/30- OU

OCULUS - PENTACAM _Full Sequence Overview

19/07/2021

5 g
o>

Pentacam AXL-Wave

nstituto de Olhos.
< Renato Ambrosio

*~_lnstituto de Othos.
Renato Ambrésio

R i

72
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Wavefront Sensor & Retroillumination

73

Female. 72 yo DCVA 20/30- OU

OCULUS - PENTACAM _Cataract Pro-OP

OCULUS - PENTACAM _Cataract Pre-OP

75

25



Female. 72 yo DCVA 20/30- OU
Integrated Tomogmp/a)/ and Biomechanics

19/07/2021

PAYY - Rennlo Srvrosio = LA s tacaen, e
o T LT 1 st e e e s
Gtz st
Determining Subclinical Edema in Fuchs i
Endothelial Corneal Dystrophy: Revised
Classification using s:halm‘pﬂug
T for ‘Three signs of subclinical
edema

iacementol  Loss of parallel and Focal area of posterkr surtace
innest point of cormea  Grcularioval sopachs  depression (lowsrds anferor chamber)

Gonerte T&{WW 73

77

- ,
[+ L Commentery

Dystrophy
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Keratoconus and Ectatic
Corneal Diseases

I re———
eRcanaL

Keratoconus associated with Corneal Guttata

el Joumst o Rataiocors sl Ecoie Camest Dwases, Septombir Decamber

maro
185805 e 0025 150
[ae—
Impaortance of Screening for Ectatic Corneal Disease Prior
‘1o Multifocal Intraccular Lens

arce 1 3. ana et

o g
) Gt fostirie=

79

Walume 47

4 Ape 2021 CORRESPONDENCE

Underestimated corneal
abnormalities prior to cataract
surgery in university hospital settings

=

Careful selection and advanced preoperative evalu

refractive screening criteria might be needed when

planning premium JOL insertion. Unlike ambulatory sungery
centers in on of premmium 10Ls might be at high risk in
university hospital settings where other factors, such as varia-
tions in surgeons and patients, might play a rle. Ths, screcning
for potential complications preoperatively should be addressed

even in complicated caes of cataract. Influence for 10L cal
culition and selction shoukd be considered in fture studics.

Sayo Maeno, MD

Shizuka Kob, MD, PhD
Renato Ambrosio, Jr, MD, PhD
Kohji Nishida, MD, PhD

e st iria

80

Confirm Unilateral Ectasia in VAE-NT
(normal topography eye from very asymmetric ectasia)

Unilateral Ectasia characterized by Advanced

o1 Tosmassaphy

o e o R Tty e o * OCULUS - PENTACAM Compare 2 Exams.

19/07/2021

81

27



84

83

ilaseral Ectasia characterized by Advanced
Dlagnastic Teste

ARV: Anirisio, Roberts & Vincigrerra
Tomograply and B

Random Forest

82

&= SeeriaL AwTicLE

Conmen = Wakame 34, Numier 4, Al 2015

Global Consensus on Keratoconus and Ectatic Diseases

Secondary induced ectasia
(and can be unilateral)

KERATOCONUS
IS BILATERAL,

‘Kerstocoas md Ectatic
Carneal Dis

CASE REPORT

S ———

Subclinical Keratoconus Detection in Identical Twins

T Gunrs ke Buchmle 80 Oivora, Toan Farave, wasm Fanes, Wichast W Eain
Lrerihreioity

P =

19/07/2021

28



Neil deGrasse Tyson’s Great challen,

Knowing enough to think you're
but not enough to /\7?/;’(711"]'(///,/‘( wrong’

Discussion: Recent TBI Studies

1 Stenberg J etal. ] Refrsce Surg, 2018, 34(12): p 840547,
2 Kaaia, Byt ,w amitot Co e Rk
4507328
e W o journl o aphihilm
ical di i ™ 197716,
Blomechanical diagnostics of the comea = £ ChnTC b el of R S 2015 407616421
5. Sedaghar, M-R. Cornes, 2018, 37(8):p. 1025-1034
6 KocM,eral

Kob, 8. ctal journsl of Refracive Surgery, 2

ol P B R

e 100% 0% 32/
18NTT
100

Femln Mendesl/
e

86

EURO

TIMES

Soptamber 2020 1Vl 25 w8

87

100 5063 99.00% 1006 099
18 033 ok saso% o8 57
3
15 049 100% 100% 1000
2
3

R i

Artificial intelligence for
KERATOCONUS DIAGNOSIS

R i

19/07/2021
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L Methods: optimized TBI

@ Multicentric retrospective study including twenty-five
international centers

@ Tomographic and biomechanical data from the Pentacam

& Corvis ST (Oculus; Wetzlar, Germany).

#one eye randomly selected (1) CLIN NORM 1,(:‘80
©**BAD-Dv3 *@2) KC 1,181
cut off 1.98; Sensitivity=96.8%/Specificity=99.3% for KC + VAE-E, (3) VAE-E 474
cut off 1.27; P (o for VAE-NT (4) VAE-NT 551

Gt fostirie=

88

Results: RES*4 X TBI (all cases)

& Clin Ect. AUC: 0.999 x 0.999
& VAE-NT AUC: 0.945 x 0.899 (DeLong, p<0.0001)
@ All cases AUC: 0.984 x 0.972 (DeLong, p<0.0001)
y 9% v
¥ v ¥
dmm y
: 7

| 2pa3ss

1 Sens 4.4
- i i

89

Refractive Toolbox: Enbhanced TBI

.
Gms ~ Customized
10 Therapeutic Apporach

90

30
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Scheimpflug Imaging for Refractive Surgery

@ Ancient Intelligence & Artificial Intelligence
APPLIED: (A%I)?

|

& Treatment Planning (Customized) & ; M I 2 d I
Evaluation of Results I u t' mo a
@ Characterization of Ectasia Susceptibility .

@ Screening, diagnosing, staging, prognosing, Refra ct lve

classifying, clinical follow-up for progression
. . - -

@ Characterization of Lens Dysfunction I magl ng

& Refractive Imaging: A #rue revolution,

.. in evolution. ..
Gnesd fistrerie=Jr

91

Vi l@t_]gﬂ;a'f1

g

Thank you, Obrigado!

dr.renatoambrosio@gmail.com
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Corneal OCT for Refractive & Cataract Surgeons

David Huang, MD, PhD
Peterson Professor of Ophthalmology

Professor of Biomedical Engineering N CASEY EYE
Casey Eye Institute, Oregon Health & Science University Institute
Portland, Oregon OHSU

in Optovue, a company that may hay
erest have been revie

mercial interest in the
aged by OHSU.

hip.

7/18/2021

Corneal OCT Applications
CORNEAL PACHYMETRY AND EPITHELIUM
MAPPING

Pachymetry Mapping with OCT

Segmentation

Dewarp

Li'Y, et al. (Huang D) Ophthalmology 2006;113(5):792-9

OCT Pachymetry Agreement with Other Modalities

N OCT OCT OCT- Other modalities (um)

CCT (pm) Scheimpflug Slit-scanning Ultrasound
(Pentacam” or (Orbscan 1) (Sonogage® or
Galilei®) SonomedP)
50 RTVue' 536.9 - -0.3x12.1 -19.7+10.5¢
66 RTVue? 532.8 -6.0+4.8A -- --
50 Casia® 547.2 -11.746.08 -7.2 -9.20

CCT = central corneal thickness

1.Li, etal. (Huang D) J Cataract Refract Surg 2010,36(5):826-831.
2. Huang J, et al. (Wang Q) PLoS One 20149(5):e98316.
3. Lee YW, et al. (Choi CY) J Cataract Refract Surg 2015;41(5):1018-1029.

OCT Pachymetry Repeatability and Reproducibility

OCT Central D<2mm D=2~5mm
RTVue! 1.3 um 1.8~3.8 um
Repeatability RTVue? 2.1 um 2.9~5.5 ym
Avanti® 1.3 um 3.1~6.7 um
Casia* 2.5 um 3.8~6.1 um
Reproducibility RTVue’ 2.1 uym 3.6 ym

1.LiY, etal. (Huang D) J Cataract Refract Surg 2010;36(5):826-831

2. Huang J, et al. (Wang Q) Ophthalmology 2013;120(10):1951-1958.

3. Unpublished data.

4.NeriA, etal. (Neri A) Acta Ophthalmol 2012; 90:e452-e457.

4. Prakash G, et al. (Agarwal A). Am J Ophthalmol 2009;148(2):282-290 e262.

Pachymetry Mapping with OCT i

- =
Avanti OCT 6-mm Pachymetry Map Ot /-{->‘t'
“Pachymetry+CPwr” scan pattern ' S — plovue Zxant
2 r
Pachymet 4 P : -
achymetry N -
" P Y Y
SN-IT{2-bmm}: [22 S-I(2-bmm}: [23 S
Min: [522 LocationY: [[159 - [ = i = 4
Min-Median: [-23 Min-Max: [-72 e I
Min thickness at{-0.312mm, -0.159mm) indicated as * : i
b
Normal cornea is: o

- Mostly green on the pachymetry map
- Thinnest cornea locates inside the
central D=2 mm circle

David Huang, MD, PhD
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OCT Keratoconus Pachymetric Parameters

IT-SN Average thickness of the IT octant minus that of the SN octant

I-S Average thickness of the inferior (I) octant minus that of the superior (S) octant
Min Minimum corneal thickness

Min - Med Minimum corneal thickness-median corneal thickness

Y Min Y di of mini corneal thick

e 1.LiY, etal. (Huang D) Ophthalmology 2008;115(12):2159-2166.
1871

2.QinB, etal. (Huang D) J Cataract Refract Surg 2013;39(12):1864-

OCT Pachymetry Based Keratoconus Risk Score

Keratoconus Risk Score Table
Available for downloading @ http://www.coollab.net/resources

I'atlent Name
Vari [ [ 3 ] o 05
ST 1 342 st ! |
Minimeam i 4 - 4% 434 i i

T T
Miniss- Median ~21 A= = ' i
5 3 w40 & ! !
Vo =7T] T34 1060 1353 2 v

Krratuconus Risk Score

Keaticonun riik

Keatou

L scuore - b tisk, 24 high rink

+ Each variable will be assigned a score of 1, 2, 3 if it exceeds 20, 5, 1 percentile thresholds.
+ The keratoconus risk score of the eye is the summation of all scores

Qin B, etal. (Huang D). J Cataract Refract Surg 2013;39(12):1864-71.

9

Corneal Epithelial Imaging with FD-OCT

B 3
__Epithelium - |
< \‘ - <Bowman'slayer ~——==E |
D & =
&\ ¢ <
7 . Stroma ———— ==
Descemet's =
_— =
membrane

Li Y, etal, (Huang D) Ophthalmology 2012; 119(12):2425:33

10

OCT Epithelial Thickness Map

iVue OCT 6-mm Epithelial Thickness Map
“Cornea Pachymetry” scan pattern

ot —

Epithelium
Epithelium siatistics within central 5 mm
S [25mm). [F1 |(28mm) B3
M 50 Max [B5
Min-Max [5

Min/Max thickness indicated as *f+

Normal cornea is:

- Mostly green on the epithelial map

- Superior slightly thinner than the inferior
- Epithelial Std Dev < 3.6

David Huang, MD, PhD v COO.

OCT Epithelial Map Repeatability

OCT Device Central

D<2mm
0.7 ym
0.7 ym
1.6 um

D=2~5mm

RTVue'
RTVue?
Avanti®

Cirrus HD#

1.LiY, etal. (Huang D) Ophthalmology 2012;119(12):2425-2433.

2. Ma XJ, et al. (Koch DD) Cornea 2013;32(12):1544-1548.

3. Hashmani N, et al. (Hashmani S) ) Invest Opthalmol Vis Sci 2018; 59(3):1652-1658.
4.Sha P, etal. (Durbin M) ) Invest Opthalmol Vis Sci 2017; 58:3510

0.7~1.1 um
0.6~0.9 um
1.2~1.7 um
1.3~1.5 ym

1.5 um

11
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Commercially Available Anterior Eye OCT

o k

Optovue Avanti Zeiss Cirrus HD Optovue Solix * Heidelberg

Anterion *
- B -

-
| 7

Tomey CASIA2 * Optopol SOCT Topcon DRI Cylite
Copernicus REVO * OCT Triton * Hyperparallel OCT *
David Huanﬁ,MD, PhD www.COOLLab.ne * Py i
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10-mm Diameter Corneal Maps

e Len /08

Solix OCT
Optovue, Inc

Maps:

« Epithelium

Epithelium

« Pachymetry

« Stroma

FDA clearance
pending

David Huang, MD, PhD v COOLLaD ;

Elias Pavlatos, PhD

Yan Li, PhD

Corneal OCT Applications

CORNEAL TOPOGRAPHY WITH OCT

13

14

Standard Corneal Topographers

Scheimpflug Imaging

Placido disc

Corneal Topography Representations

Mean Curvature

Axial Power Float Elevation

(Q) semod [exy
(wrl) uonens|3 jeoly
o
g
(wy1) aamening uesiy

1
Culx,¥) = E[fr,{x. ¥) & Kalx )]

7N

--- Sphere Fit

K,and K, = principal curvatures

n = index of refraction

OO0LL:z

15
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Our Group Developed an OCT Topography Algorithm

Avanti oct oct
Optovue, Inc. Anterior Axial Power Anterior Float Elevation Posterior Float Elevation
b 3 P = N E
o oE .
z :
| e 4 w7 B
‘ - [
— 3] Lag 3
ji - 324 8 1 3 3 » 2 a e
—— Ximee]
Pentacam Pentacam
OCT Corneal Cross-Section Anterior Axial Power Anterior Float Elevation Posterior Float Elevation
o -
: I: .o I‘m H
: e o S
: SR B
: H
q-: I % 3
Anterior : o : w i
— Pasterice w =

Paviatos E, et al. (Li Y) Biomed Opt Express 2020; 11(12):7343-7356

[Epe—

) worienas ety

Motion Detection Improves Repeatability

Diopters | Mo Motion Detecti Motion Detecti
Anterior Mean Power 0.28 0.14
Anterior Astigmatism - Cardinal 0.92 0.28
Anterior Astigmatism - Oblique | 1.16 0.24
Posterior Mean Power 0.04 0.03
Posterior Astigmatism - Cardinal 0.13 0.05
Posterior Astigmatism - Oblique 0.15 0.05

Peoled standard deviations for 20 eyes from 10 participants, 5 Repeated OCT Scans

Pavlatos E et al, Biomed Opt Express, 2020; 11(12):7343-7356

17
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OCT-Based Keratometry Agreement with Pentacam Commercial OCT Systems with Corneal Topography

1, . Mean Keratometry
— 10 +1.96 5D -
=] 0.81 Y g
= o8 . - = - L -
g 06 . t i oo
E 0.4 . . e e . : .
< 02 C . ’
3 P 0.19 E m—
a9
U oaal? . - pE=
g 0.4 : -1.96 5D - E

-06 -0.44

0.8 Anterion Casia 2 Revo NX 130

10414z 43 a4 45 48 A7 Heidelberg Engineering Tomey Corporation Optopol Technology
(OCT + Pentacam)/2 (D)
Devices not FDA cleared
Pavlatos E, et al. (Li Y) Biomed Opt Express 2020; 11(12):7343-7356
19 20
Keratoconus vs. Warpage
S =stroma Thickening of epithelium can also
E = epithelium produce focal steepening

L

Yan L| PhD Elias Pavlatos, PhD //_\ A
E E
DIFFERENTIATING KERATOCONUS FROM s /\ s T~

WARPAGE, DRY EYE, AND OTHER Cornea with Cornea With Contact
IRREGULARITIES Keratoconus Lens Warpage

Corneal OCT Applications

21 22

Topography and Thickness Maps Coincident PaChy etric & Eplthehal Th|nn|ng
Anterior Axial Power Epithelial Thickness Pachymetry Numbered Zones I,'ocauon of R Locaho',‘ of .
Thinnest Cornea Thinnest Epithelium
o : s s S
Forme Fruste e
-
Keratoconus secondary - -
Epithelial Modulation _@
A . - (= s
'Secondary modulation: & i o0
ening causes compensatory epithelial thinninCoincit innil N~ N~ op ol 8
A0 5 Baoox N
" ALY © ) %
= o ix G o £ 8
=25 k et
Warpage - G ‘?8 M ¥
Primary Epithelial L @, D e @
Deformation - B ; C ]
Primary deformati‘on: = ” D=256 Analytic O Manifest A Subclinical X FFK
focal epithelial thickening causes steepening——m8 —W——————— mm ™ Zone Keratoconus Keratoconus
Schallhorn J et al. (Huang D) J Cataract Refract Surg. 2017; 43(1):60-66 Yang Y, et al. (Li Y) J Cataract Refract Surg 2021;47(6)-759-766



Epithelial Concentric Thinn

Epithelial thickness map has more than two color-scale step changes (>5 pm) inside the analytic zone
* At least one complete ring around the thinnest point

Analytic
Zone

Yang Y, et al. (Li ) J Cataract Refract Surg 2021,47(6):759-766

7/18/2021

Case 1 — Normal

Axial Power Pachymetry Epithelial Thickness
o8 I -
|
T Fon -
. - S L) .
e Ll
. N
. p: = z
- -’.
0.25D Color Unit: pm
Steps
Yang Y, et al. (Li Y) J Cataract Refract Surg 2021;47(6):759-766

25

Case 2 — Subclinical Keratocon

Axial Power Pachymetry Epithelial Thickness

0.25D Color Unit: pm
Steps

Yang Y, et al. (Li ) J Cataract Refract Surg 2021:47(6):759-766

26

Case 3 — Forme Fruste Keratoconus

Axial Power Pachymetry Epithelial Thickness
I e
T ey U-
-\
- N L L -
- @ -
- -
"
0.25D Color Unit: pm
Steps
Yang Y, et al. (Li Y) J Cataract Refract Surg 2021;47(6):759-766

27

Coincident Concentric Thinning Decision

Step 1 Step 2
Map parameters Map
Coincident AND
o YES. concentric epithelial
Pachymetric Min < 515 pm OR, = e ~__ _
Pachymetric Min-Max < -71 ym OR, thinning? NO [Mett kerFEitoEamUE

Pachymetric SN-IT > 28 ym OR, N

Epithelial Std Dev > 1.9 um Not keratoconus|

Yang Y, et al. (Li ) J Cataract Refract Surg 2021:47(6):759-766

28

Classification Accuracy of Decision Tree

Manifest keratoconus — abnormal topography and CDVA < 20/20

Subclinical keratoconus — abnormal topography and CDVA 2 20/20

Forme Fruste keratoconus (FFK) — fellow eye of asymmetric keratoconus with
normal or borderline topography and CDVA 2 20/20

Manifest
Keratoconus
(91 eyes)

Subclinical Forme Fruste
Keratoconus Keratoconus
(12 eyes) (19 eyes)

100% 97.8% 100% 73.7%

Normal

(54 eyes)

Yang Y, et al. (Li ) J Cataract Refract Surg 2021:47(6):759-766

29
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Refractive Surgery Candidate, Family Hx Keratoconus

Axial Power Map

Pachymetry Map  Epithelial Map

Concentric thinning

Refractive Surgery Candidate w/o CL Wear

31 32
OCT Mapping of the Cornea
Keratoconus Eye
\ OCT Cross-Section of Cornea it ; A TR
1 ‘ 3
-1 1 -
Yan Li, PhD Elias Pavlatos, PhD " I j
Corneal OCT Applications ":
QUANTITATIVE INDICES TO SEPARATE : |:
1 3
PRIMARY AND SECONDARY EPITHELIAL CE q
CHANGES & |
Li Y et al. (Huang D) Ophthalmology 2012; 119:2425 - [ ‘ =
Pavlatos E et al. (Li Y) J Refract Surg 2020; 36:757 gy Xy
Pavlatos E et al. (Li Y) Biomed Opt Express 2020; 11:7343
33 34
Epithelial Pattern Standard Deviation Epithelial PSD is a very sensitive detector of
Epithelial Thickness Pattern Deviation ke ratoco n us
— g
Epi PSD Forme Fruste " I 3 Keratoconus  20/20 Keratoconus  Forme fruste
Keratoconus £ - : N=35eyes N=50 eyes keratoconus N=8
>3 (PD (2, y))2 Epi PSD = 5.9% 1 i g 150 control 150 control 150 control
T — B
Normal < 4.1% . I § Specificity 100% 100% 100%
Warpage i ’ 1
Epi PSD = 7.2% > g
—~ 3 1.LiY, et al. (Huang D) Ophthalmology 2012; 119:2425-33.
J X (ovm) 2.LiY, etal. (Huang D) J Cataract Refract Surg 2016; 42(2):284-95.
Li Y et al. (Huang D) J Cataract Refract Surg 2016; 42:284
35 36
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EM Index
-Cov(AET, AMC)

Normal < 1.4 pm/m

Epithelial Modulation (EM) Index

Epithelial Thickness Deviation

Mean Curvature Deviation

Forme Fruste
Keratoconus
EM Index = 2.3 pm/m

¥ (mm)

/1) uoneinag
¥ (mm)

(wrl) uopenag

Secondary modulation:
focal stromal steepening causes compensatory epithelial thinning

Warpage
EM Index = -2.7 um/m

=
£

(wrl) uoneiag

Primary deformation:
focal epithelial thickening causes steepening

Patient Groups

Keratoconus Groups

1)  Manifest Keratoconus (n = 89)
« Topographic signs of
keratoconus
« Corrected visual acuity < 20/20

2) Subclinical Keratoconus (n = 16)
« Topographic signs of
keratoconus
+ Corrected visual acuity = 20/20

3) Eg)rme Fruste Keratoconus (n =

« Normal topography
+ Corrected visual acuity = 20/20
« Keratoconus in fellow eye

Non-Keratoconus Groups

1) Contact Lens Warpage (n = 18)
* Suspicious topographic steepening
* Reduction in corrected visual acuity

2) Normal (n=32)
* Normal topography
* Corrected visual acuity > 20/20

37 38
Classification Accuracy of EM Index Epi PSD & EM Index Diagnostic Space
Binary classification 60 Keratoconus
Class 1 = non-keratoconus (normal and warpage) —
. Class 2 = keratoconus (manifest, subclinical, forme fruste) .E 40 ® Normal
E )
EM Index Classification Accuracy (%) % 20 A Manifest Keratoconus
Cutoff Normal Warpage Ma‘nifest KSubcIinicaI Ker: ‘FF é Subclinical Keratoconus
1.39+0.01 | 1000 98.9+22 100 £ 0 100 £ 0 515+1.9 s ° St ) X - T — X Forme Fruste Keratoconus
w Normal i arpage ~
*  Cutoff determined at 50% probability by logistic regression 20 ‘ Warpage
* 5-fold cross-validation repeated 5 times 0 2 a & 10 12
Epi PSD (%)
39 40
Concept Applies to Other Conditions
Primary Deformation Secondary Modulation
- Warpage - Keratoconus/ectasia
. Dry Eye . Post-LASIK/PRK Yan Li, PhD glllail::al’.‘l:r::;
- EBMD - Stromal scars '
Corneal OCT Applications
- Stromal/Bowman TOTAL (NET) CORNEAL POWER AND
dystrophies ASTIGMATISM
41 42
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OCT Measures Anterior and Posterior Corneal Power

Anterior curvature Raqerior

Posterior curvature Rpogierior

Segmentation

Anterior & posterior powers
for comea

Averaging of
3 sets x
8 meridians

David Huang, MD. PhD

OCT Total Corneal Power Algorithm

Anterior & posterior boundaries
for meridian

Parabolic fit
Central 3 mm

Anterior & posterior curvatures
for meridian

Power = (n,—n;)/R l

Anterior & posterior powers
for meridian

David Huang, MD, PhD.
44

OCT Corneal Power Repeatability:
Published Results

RTVue' RTVue?
Total (Net) 0.19 0.10
Corneal — \jierior 0.19 0.1
power (D)
Posterior 0.02 0.02

1. Tang M, et al. (Huang D) J Cataract Refract Surg. 2010;36(12):2115-2122.
2. Wang Q, et al. (Huang J) Comea. 2015;34(10):1266-1271

Repeatability: RTVue vs Avanti

RTVue Avanti
Total (Net) 0.18 0.14
Corneal A ierior 0.20 0.15
power (D)
Posterior 0.04 0.04

n = 24 eyes of 12 normal subjects

David Huang, MD, PhD

45
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OCT Net Corneal Power Is Lower Than
Conventional Keratometry in Normal Eyes

9% Nmits of agresment (1.6 50)

a am.

'S . .

g .

é 1.2 1 5 - v

h ] + g, 0. 4 - 4 - ar - )
< v Lot

5 & =

o

2ml

(OCT_K + Auto_K) / 2 (D)
Special IOL formula should be used with OCT net corneal power

Tang M, et al. (Huang D) J Cataract Refract Surg. 2010;36(12):2115-2122

Customized scanning pattern:
5 x (16 radial x 10 repetitions)

Central 4.0 mm centered on the comeal vertex

Anterior and

posterior surfaces
—

Llorens-Quintana C, et al. (Li Y) Invest Opthalmol Vis Sci 2020; 61:4751

Segmentation of anterior and
posterior boundaries

_>-_>

fitted with 8-order of
Zernike polynomial

OCT derived net corneal astigmatism

A =
\ f@‘ _./.

Cardinal

Oblique

Elevation map

—_—

m

47
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Subjects

60 pseudophakic eyes (39 patients)

* With non-toric monofocal I10L

* Post Laser visual correction

Manifest refraction astigmatism = ground truth

Llorens-Quintana C, et al. (Li Y) Invest Opthalmol Vis Sci 2021;62:2026

Net Corneal Astigmatism Repeatability

Coefficient of repeatability
Pooled standard deviation* 1.96 * sqrt(2)

Avanti* Pentacam Significance**
Cardinal (D) 0.22 0.50** p<0.05
Oblique (D) 0.19 0.44** p <0.05
Vector (D) 0.29 0.67** p<0.05

* Experimental software, not FDA-cleared
** F test comparison with OCT Net astigmatism

Llorens-Quintana C, et al. (Li Y) Invest Opthalmol Vis Sci 2021;62:2026

49
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OCT More Accurately Measures Net Corneal Astigmatism

Difference between corneal astigmatism and manifest refraction astigmatism

Avanti Net Pentacam True Net TOLMaster 700 Total Keratometry

* Significantly higher compared to Avantl (GMME p<0.05)
Llorens-Quintana C, et al. (Li Y) Invest Opthalmol Vis Sci 2021;62:2026

OCT Corneal Mapping

e Four maps
» Epithelial thickness
o Pachymetry
o Anterior topography
o Posterior topography
e Distinguish ectasia from warpage
e May provide more accurate net corneal astigmatism
measurement in aberrated corneas
e Advanced features still FDA pending

51
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Grants & Material Supports

Institute

P30 EY010572

Unrestricted grant from Research to Prevent

NIH Grant R01 EY029023, R01 EY028755, @ National
<R
Blindness

Material support from Optovue, Inc.

53

(%) CASEYEYE www.COOLLab.net
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1 ASE
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Measuring the cornea
for IOL power calculations

Li Wang, MD, PhD,

Cullen Eye Institute Consultant:

Alcon
Carl Zeiss Meditec
—

Baylor College of Medicine,
Houston, Texas, USA

Corneal power measurements

+ Range of devices:

+ 4 points: keratometer
+ 6-32 points: ocular biometers -
+ >500 points: topographic / ‘

EY
the central 3-4 mm zone e (.

tomographic values averaged over

N

3

Corneal power measurements

+ Most of the commonly used devices measure only
the anterior corneal curvature
+ Total corneal power calculated

+ Assume constant ratio of posterior to anterior corneal
curvature

+ Standard index of refraction 1.3375 (USA) or 1.332 (Europe)

| |

Ratio of posterior/anterior radii of curvature
from Galilei*

“Standardized”
Ratio index of
refraction Ratio in RK eyes

Gullstrand’ s schematiceye | 0.883 1.3315 (n=114.) with

Avanti OCT
Normal (n=94) 0.816 1.3278

Mean: 0.94
Myopic-LASIK/PRK (n=61) 0.765 1.3246 Range- 0.66—1 30
Hyperopic-LASIK/PRK (n=9) | 0.857 1.3302

*Wang L, Mahmoud AM, Anderson BL, Koch DD and
| R Roberts CJ. IOVS 2011; 52:1716-22 -I

(3}

Ratio of posterior/anterior radii of curvature

+ Effect on calculation of total corneal power
+ Smallin normal eyes

+ Key issue in post-refractive eyes

Posterior corneal power: -3.5 D -I

IOL power calculation in post-refractive eyes

+ Traditionally using corneal power based on anterior
corneal surface

+ Formulas/methods using data from both anterior
and posterior corneal surfaces emerging
+ OCT-based IOL calculation formula
+ Galilei TCP formula

+ Potvin-Hill Pentacam

+ Ray-tracing
s |

()}
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@ ASCRS L = [ = —
: ascrs.org Hestemety L K2y N )
FOR SURGEONS. = - s
FOR YOU. s e e e
T T T T s I
L Annual visits > 1 million el B
e e e L v e e Ty —
| s B |mm e 4|
7 8
s Outcomes reported in literature: recent large
What is ideally the best IOL formula? -OMes rep 9
. studies including newer formulas
+ Raytracing: | %=esn |
+ Incorporates all surfaces and Myopic LASIK/PRK eyes 40% - 85%
aberrations Hyperopic LASIK/PRK eyes 38% - 73%
+ Cornea RK eyes 29% - 62%
+ oL
+ Major limitation S + Reported more accurate formulas:
+ Does not provide a solution to ELP ’ + Average IOL power, OCT-based, Barrett True K, Haigis-L,
+ Outco?qbest:vitlzr:ay tracint?1 fo;mutlz]a(s to dlate [‘M @ Masket
are not better than our other best tormulas >
e e |
9 10
Current best practices “Holy Grail”: postop adjustable IOL?
+ Use as many formulas as possible + RxSight: light adjustable lens Hadh =
Hin
+ Rely more on + Curvature change b, e
! g~ Bl
+ Average IOL power -
+ OCT-based, Barrett True K No History, and Haigis-L + Perfect Lens and Clerio
+ Warn patients of inaccuracy and possible additional + Localized refractive index
surgeries and costs change
[ B |
11 12
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Posterior corneal astigmatism

13

Relationship of anterior & posterior
corneal astigmatism: WTR anteriorly
n=496
IOLMaster 700 Galilei

2 V=0.119¢+ 01232 12
R=05233

Posterior corneal surface (D)

Posterior corneal surface (D)

o 1 2 3 a s 6 o 1 2 3 a s 6

Anterior corneal surface (D) Anterior corneal surface (D)

Uptoi.0D! I .I

Magnitude of posterior corneal astigmatism
+ Our paper: 0.30 +0.15(0—1.10) (n=715)
+ Tonn...Kohnen: 0.33+0.18(0-1.35) (n=3818)
Koch et al. JCRS 2012; 38:2080-2087
| e Tonn B, Klaproth OK, KohnenT. IOVS 2014;56:291-8 il

14

Relationship of anterior & posterior
corneal astigmatism: ATR anteriorly

n=417
IOLMaster 700 Galilei
1 i
g 8
g, yx00a7ce00322 T ye0087r0273
3 201079 ]
Sos ° Sos
Tos HY
Sos Sos
gnz gaz

Anterior corneal surface (D)

I Uptoo.6D! I .I

Anterior corneal surface (D)

Where is the steep meridian on the
anterior corneal surface at different ages?

% of eyes

20-29 30-39 40-49 50-59 60-69 70-79 80-89
Age (years)

W% of eyes with steep meridian vertical
EE W% of eyes with steep meridian horizontal
I %0fe

with steep meridian obligue

Where is the steep meridian on the
posterior corneal surface at different ages?

9% of eyes
«
g

2029 3039 4049 5059 6069 7079 80-89
Age (years)

W% of eyes with steep meridian vertical
W% of eyes with steep meridian horizontal

of eves with steep meridian obligue
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Toric IOL calculation: how do we incorporate posterior
corneal astigmatism (PCA)?

+ Use regression/theoretical models
+ Baylor nomogram
+ Abulafia-Koch: Vector version of Baylor nomogram + clinical data
+ J&J (AMO): J&J clinical trial data + Baylor nomogram
+ Barrett toric calculator (standard, predicted PCA)

+ Measure the posterior cornea

+ Barrett toric calculator (new, measured PCA)

|
19

Baylor Toric IOL Nomogram, Version 2

Temporal clear corneal incision and target for postop astigmatism of 0.4 D WTR to
account for ATR shift with age

Effective IOL cylinder
power at corneal plane WTR (D) ATR (D)
(©)
0.7 D| 0 <1.69 (>1.0: PCRI) <0.39
2.20-2.69 0.80 § 1.29
- 07D
270-3.19 1.30-1.79
3.20-3.79 1.80-2.29
3.80-4.39 2.30-2.79
4.40-4.99 2.80-3.29
5.00 — 3.30-3.79

*Especially if specs have more ATR

=i

Barrett toric calculator (apacrs.org)

Problem with regression approaches for selecting
toricIOLs: Scatter

+ Wide individual variation T+

¥=0.1005x + 0.221
R’=0312

+ Even “normal” corneas

Posterior comeal surface (D)

00 10 20 30 40 50
Anterior comeal surface (D)

| |sm = |
21 22

!Does measgrmg the posterior cornea s Our study

improve toric outcomes? i

+ Prior Scheimpflug studies:
+ No benefit to direct measurement
+ Studies:
+ Regression models vs. direct measurements

+ More accurate with regression models

23

+ To compare the accuracy of predicting residual
astigmatism after cataract surgery using Barrett toric
calculator with: e
+ Predicted PCA :
+ Measured PCA from IOLMaster}bo

+ Dataset from VERACITY surgical database

+ Included eyes with monofocal non-toric IOLs

|
24
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Results: % residual astigmatism prediction error
(PE) (n=602)

- Scalar PE magnitude Vector PE magnitude

Predicted PCA Measured PCA Predicted PCA Measured PCA

<0.25D 41.2% 43.9% 16.8% 19.8%
<0.50 D | 72.6%* 76.1%* | | 52.5%0%*% 57.6%** |
<0.75 D 88.2% 89.05% 77.1% 78.6%
<1.00D 94.9% 95.5% 88.0% 89.2%

* **: significant differences between predicted and measured PCA

|im |

What about crystalline lens and IOL tilt?

Each ring = 2°
60° 1200

-90° -90°
Tilt direction: along vertical meridian with nasal anteriorly

Im Wang L, Guimaraes de Souza R, Weikert MP, Koch DD. JCRS 2019;45:35-40

25 26
Pre-op crystalline lens vs. post-op IOL (n=65 eyes) IOL tilt
10 o + Significantly correlated + Average magnitude:

T8 . + Tilt direction & magnitude: + 4.9° our study

< .

3 6 e + Preop predicts postop + 6.2° by Hirnschall

g 4 + Range1.6to10.7°
= ) 21 0ax+ 105 + Induces net + power along the horizontal meridian
o <1 ®R2=10.50 Ao ) ) )

0 e P<0.05 + “ATR" refractive astigmatism
0 2 4 6 8 10
Crystalline lens tilt amount (°) Hirnschall N....Findl O JCRS 2017: 43:732-736

27

Im *Wang L, Guimaraes de Souza R, Weikert MP, Koch DD. JCRS 2010:45:35-40 .I

Can we predict eyes with large IOL tilt?

+ Angle alpha 12
+ Tanglealpha, 10 % . =
0oL tilt = st
= -
d: %e .§' =
< ** s 8
0

0 02 04 06 08 1 12 14
Angle a (mm)

Wang L, Guimaraes de Souza R, Weikert MP, Koch DD. JCRS 2019;45:35-40 .

|
29

Astigmatism induced by IOL tilt: aspheric IOL

SNBOWF Tilt-Induced Astigmatism

e
o}

e
bY

Weikert MP, Golla A,
Wang L. JCRS

2018144:745-749 e

22D
~28D

Astigmatism (D)
e
&

e
i~

0.33-0.58D

IOLTilt (degrees) .l

|
30
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Astigmatism induced by IOL tilt: SN6AT6 toric IOL

SNGAT6 Tilt-Induced Astigmatism

0.41-0.63D
0 N @90

04 = t effect

16D 16 @9U

08

Weikert MP, Golla A,
Wang L. JCRS
2018,44:745-749

SN

0.2 ~+-22DT6 @90
28D T6 @90

16D T6 @180

Astigmatism (D)
°

)
4

/
/

N\ @ 180
| effect

13
IS

S
S

~041D 0.25-0.48 D]

o 1 2 3 a 6 7 8 9 .
I_- Tilt (Degrees)

I3
&

Toric IOL in LASIK/PRK/RK eyes

+ High expectations following cataract surgery
+ Good uncorrected visual acuity
+ Spectacle independence

+ Corneal astigmatism common

+ LASIK/PRK performed to eliminate ocular refractive error
including astigmatism
+ Residual or induced to compensate for lenticular astigmatism
|
e =]
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Corneal astigmatism in LASIK/PRK/RK eyes

+ Challenge to correct
+ Due to presence of varying amounts of irregular astigmatism

+ Difficult to estimate posterior corneal astigmatism based on
anterior corneal data

When to use toric IOLs?

+ Criterion #1:

+ Regular bow-tie corneal astigmatism within central 3-mm
zone
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When to use toric IOLs?
+ Criterion #2:
Lenstar 1.27 @l 008
+ Difference in corneal astigmatism o || 163 @| o)
magnitude between IOLMaster and / L
Lenstar<o.75D
o <0.75D
+ Criterion #3: =075
+ Difference in astigmatism meridian =25
between IOLMaster and Lenstar <15°
e i

IOL toricity selection

+ Posterior corneal astigmatism
+ Difficult to estimate
+ Estimate 0.3 D of against-the-rule refractive effect
+ Target for corneal astigmatism correction
+ 0.3DWTR

+ Be conservative and not over-correct!

| |
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IOL spherical power selection: ascrs.org

+ Post-refractive IOL calculator

e

FOR SURGEONS.
08 oL

When corneas met all 3 criteria:

+ Post-myopic LASIK (n = 56):
+ Post-hyperopic LASIK (n = 19):

+ Post-RK (n = 41):

+ % of eyes with refractive astigmatism < 0.5 D

80%
84%

76%

|- = |- Cao D, Wang L, Koch DD. JCRS . 46(4):534-539, 2020. =|
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Barrett True-K toric calculator Case #1 .
s + 75yomale . E
= + s/p LASIK -
= = o e o Myopic LASIK + Cataract OS 4 E R
= =_fimm 2D @90 i
g M'-‘.’J l " Net astigmatism: 1.39D@92
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Preop corneal astigmatism

MR -0.75 + 1.0 X 175 e = —
Lenstar 1.29 @ 169 — =—
IOLMaster 700 1.30 @ 169
Galilei =
SimK 0.99 @ 159 S e
TCP 1.37 @ 165

+ 19.0 D ZCT225@172 e —————
+ POM#1

+ UCVA=20/20

+ MR: plano =
(omm
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Case #2: previous RK

+ 60 yrs male cataract surgery OS
+ MR:+1.75+0.75 X166
+ 8radial cuts and one superior T cut
+ TargetforD
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Corneal astigmatism

+MR: +1.75+ 0.75 X 166
+ |OLMaster: 0.93D @150°
+ Lenstar: 1.04D @149°
+ Galilei SimK: 1.01D @157°
+ Galilei TCP: 119D @173°
+ Atlas: 0.76 D @177°

Toric or nontoric IOL?

|

ZCT150 @160°

=
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IOL spherical power: which would you choose??

Calculator formulas

| —T LI T T
At

e e e

et

for target -0.5 D: :

Pa——
R mmMD
5 WuD

25.71t0 27.45 D
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26.5D ZCT150 @160 implanted targeting -0.50

POM #1:
UCVA = 20/100

" -

-1.755ph= 20/20 o e ——"
POM#2: X -
UCVA = 20/50 OCT e
-1.25 Sph=20/20 formula -
POM#3: TR
most
UCVA = 20/70 accurate P————Ty Q-é-fD

-1.75 Sph= 20/25 P A———

Man o

What would you do now?

%‘(ﬂﬂj

L,
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Fit with -1.25D CL

+ Realized how nice a little near vision is
+ Wants perfect distance vision OD!

+ Ithasi12radialand 8 T cuts....
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Summary

+ Accurate total corneal power estimation is crucial
+ Posterior corneal power measurements improve accuracy,
especially in un-usual eyes
+ IOL power calculation in post-refractive eyes still a
ways to go
+ Especially in RK eyes
+ More accurate corneal power measurements and IOL
power formulas are needed

|
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Summary

+ Considering posterior corneal astigmatism in toric
IOL selection improves accuracy

+ Toric IOLs can work well in post-refractive eyes
+ Corneas met all 3 criteria

+ Postop IOL power adjustment is very promising

|
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